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RESEARCH MEMORANDUM 


LOW-SPEED AERODYNAMIC CHARACTERISTICS OF A 
LARGE-SCALE 609 SWEPT-BACK WING WI'TH 


EIGH LIFT DEVICES 
By Mark W. Kelly 


SUMMARY 


Large-scale tests have been made of а semispan model of & 60° swept- 
back wing-fuselage combination. The model was eguipped with 25-percent- 
chord, 36-percent-span, double-slotted flaps; 25-percent-chord, 
h3-percent-span ailerons; and 17.5-percent-chord leading-edge slats 
having spans from Ti to 31 percent of the wing span. The wing had an 
tions normal to the wing 0.25-chord line. Additional tests were made 
with the double-slotted flap replaced by a split flap of identical chord 
and span. Most of the investigation was performed at a Reynolds number 
of 8.0 x 106, However, some force dats are presented for a range of 
Reynolds numbers from h.O x 106 to 10.0 x 108. 


Flow separation limited the linear range of the pitching moment of 
the base wing to а lift coefficient of about 0.35. The double-slotted 
flaps deflected 559 increased this value by 0.25, while the double- 
slotted flaps used in conjunction with approximately 71-percent-span 
leading-edge slats extended the linear range of the pitching moment to а 
lift coefficient of 0.88. 


INTRODUCTION 


The results of large-scale tests of а semispan model of а 159 swept- 


back wing equipped with double-slotted flaps were presented in reference 1. 


This report contains the results of a series of tests made of this model 
with the wing sweep increased to 60° to determine the effects of double- 
slotted flaps on the lift and static longitudinal stability. This wing 
was also equipped with leading-edge slats and ailerons. Data were 
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obtained for various combinations of these devices. In addition, testa 

were made with the double-siotted flaps replaced by a split flap of 

identical plan form. Pressure data were obtained to determine the effect А 
of these devices on separation and aerodynamic loading. Іп order to 

make the data rapidly available they have been presented with а minimum 

of analysis. 


NOTATION 


b twice span of semispsn model, feet 
с local wing chord, feet 
b/2 


с mean aerodynamic chord of wing (2 сау), Рее+ 
с 


wice semispan lift 
Cp lift coefficient наи ананас 


ісе semispan drag" 
Cp drag coefficient peu ) 
а 


Cm pitching-moment coefficient referred to 0.250 . 
twice semispan pitching moment 
аве E 


Ст rolling-moment coefficient [( вешіврар rolling moment, aileron | 
deflected) - (semispan rolling moment, по aileron deflection)] /авъ| 


L lower surface of wing 

p; local static pressure, pounds per square foot 

P free-stream static pressure, pounds per square foot 

а  free-stream dynamic pressure Gav), pounds per square foot 
рус 

R Reynolds number (=) 


twice wing агеа of semispan model, square feet 


U upper surface of wing 
V  free-stream velocity, feet per second 
y spanwise distance from plane of symmetry, feet ғ 


a angle of attack, degrees 


wf 
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ба aileron deflection (positive downward), degrees 
p free-stream air density, slugs per cubic foot 
ц absolute viscosity, pound-seconds per square foot 


Sp flap deflection (positive downward), degrees 
MODEL AND APPARATUS 


The geometric characteristics of the model are given in figure 1. 
The airfoil sections normal to a line through their 0.25-chord stations 
were NACA 64A010 profiles. The ordinates for this section sre given in 
table I. The 0.25-chord line of the reference sections was swept back 60°. 
The wing had an aspect ratio of 3.5, а taper ratio of 0.45, and no twist 
or dihedral. 


The fuselage had a fineness ratio of 5.5, and had а semicircular 
стовв section. 


The wing had а leading-edge slat which extended from 0.22 b/2 to 
0.93 b/2 referred to the wing 0.25-chord line as shown in figure 1. The 
slat was divided into five spanwise segments each of which could be 
extended independently. The slat plan form is shown in figure 1 and the 
slat cross section in both the extended and retracted position is given 
in figure 2. 


The model was tested with both а split flap and a double-slotted 
flap. Both flaps extended from 0.21 b/2 to 0.57 b/2 and had chords equal 
to 0.25 of the wing chord normal to the wing 0.25-chord line. The fore 
flap of the double-slotted flap had a chord equal to 0.075 of the wing 
chord normal to the wing 0.25-chord line. Details of the double-siotted 
flap are given in figure 3. The position of the fore flap was fixed when 
the flap was deflected, but the main flap could be rotated about the 
point indicated in figure 3 to give deflections from 159 to 60°. ‘The 
ordinates of the main flap and fore flap are given in tables II and III. 


The wing outboard of the 0.57 b/2 span station was equipped with an 
aileron having a chord equal to 0.25 of the wing chord normal to the 
wing 0.25-chord line. The gap between the aileron and wing was sealed 
with masking tape throughout the tests. 


The wing was equipped with pressure orifices at 6 spanwise stations. 
For the outboard five of these stations the orifices were arranged along 
the wing chords normal to the 0.25-chord line. The station nearest to 
the wing root was skewed 15° from the free-stream direction. (This 
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section was originally along a streamwise chord on the 45° swept-back 
wing.) The spanwise positions of the intersections of the chords con- 
taining pressure orifices with the 0.25-chord line are given in figure H. 
On station I all the orifices aft of х/е = 0.60 were underneath the 
fuselage fairing or inside the fuselage. 


A photograph of the model installed in the hO- by 80-foot wind 
tunnel is given in figure 5. The model was supported on a turntable 
which was independent of the tunnel-floor structure, so that the aero- 
dynamic forces and moments could be measured with the wind-tunnel віх- 
component balance system. The tunnel floor was used as the reflection 
out The clearance between the fuselage end the floor was approximately 
1/2 inch, 


TESTS 


Force and pressure data were obtained for the various model configu- 
rations through angles of attack from -8° to 27.4°. Maximum lift was 
not attained at а = 27.49; however, structural limitations of the model 
pitching mechanism prevented testing at higher angles of attack. The 
tests were made at Reynolds numbers from 4.0 x 108 to 10.0 x 108 based 
on free-stream velocity and the mean &erodynamic chord of the wing. The 
above range of Reynolds numbers correspond to & range of dynamic pressure 
from about 6 to 38 pounds per square foot. 


The double-slotted flap was tested at deflections of 45°, 509, 559, 
and 609. The split flap was tested at deflections of 30°, 415°, and 60°. 
Most of the aileron data were obtained with aileron deflections of +100, 
However, some tests were made with other aileron deflections up to the 
maximum obtainable (+35° and -259). Тһе outboard end of the leading-edge 
slat was at 93 percent of the semispan and the inboard end was varied 
from 22 to 62 percent of the semispan. Тһе deflection of the slat is 
shown in figure 2, 


CORRECTIONS 
The angle of attack and drag coefficient were adjusted for the 


effects of the wind-tunnel.walls by addition of the following corrections: 


Ас. 


0.30 Съ, 


ACp = 0.0052 Or? 
No corrections were applied чан ае eee or piseningemomene 
coefficients. | 


наь 
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Ко attempt was made to adjust the data for the effects of the 
boundary layer on the tunnel floor or the gap between the fuselage and 
the tunnel floor. Measurements reported in reference 1 indicste that the 
boundary layer on the floor just ahead of the model is about 14 inches 
thick, while the boundary layer on the fuselage just ahead of the wing 
is about 1 inch thick. 


RESULTS 


The results of the force measurements are presented in figures 6 to 
to 20. An index to these curves is given in the following tables: 











BASE WING 
(ALL DEVICES UNDEFLECTED) 


Parameters plotted 


а, Cp, Cm vs Ст, - for various R 
Съ vs а - for various Og 


Parameters plotted 





а, Ср, Cm vs Cy, - for various К 
а, Cp, Cm vs Сі, - for various if 
a, Cp, Cm vg СІ, - for various ба 








WING WITH LEADING-EDGE SLATS 


Figure No. Parameters plotted 


il а, Cp, Cm vB CL - with 811 slats extended, and 
12 
13 
114 


for various R 
с, Cp, Cm vs Cy, - for various slat spans 

WING WITH LEADING-EDGE SLATS AND DOUBLE-SLOTTED FLAPS 

Figure No. Parameters plotted | 


Сі vs а - for various slat spans 
15 а, Cp, Cm vs Ст - with all slats extended, for 
16 
17 
18 









ба. 











Cz ve с - with all sists extended, for various 
various R 


а, Cp, Cm vs Ст, ~ for various slat spans 

а, СО, Cm v8 Cr, - with ali slats extended, for 
various ба 

Ci ув a - for various slat spans 
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WING WITH SPLIT FLAP WITH AND WITHOUT LEADING-EDGE SLATS 


Figure No. Parameters plotted 


19 а, Cp, Cm vs Cy, - for various rf 
20 | а, Ср, Cm ve Cr, - with all slats extended, 
various бүг 





The pressure дала for the base wing, the wing with double-sJotted 
flaps, the wing with leading-edge slats, and the wing with leading-edge 
slats and double-slotted flaps are given in coefficlent form in tables IV 
to VII. і m 


The longitudinal characteristics for various aileron deflections, 
given in figures 10 and 17, are those which would be obtained from a 
full-spen wing if both ailerons were deflected equal amounts in the same 
direction to simulate Plaps or elevators. The rolling-moment coefficients 
presented in figures 7, 13, 14, and 18 are approximately those which 
would be obtained from the full-span wing if one aileron were deflected 
while the other was held neutral. 


SUMMARY OF RESULTS 


The data given in figures 6 to 20 and tables ТУ to VII may be sum- 
marized as follows: 


1. For Reynolds numbers from 6.0 x 108 to 10.0 x 108, there was по 
significant change in the aerodynamic characteristics of the model. 
However, at a Reynolds number of 4.0 x 108, the break in the pitching- 
moment curve occurred at lower lift coefficients than those attained at 
the higher Reynolds numbers. The remaining discussion pertains to the 
data obtained at a Reynolds number of 8.0 x 109 only. 


2. Separation as indicated by the pressure data first occurred on 
the base wing near the leading edge of the outboard sections at a lift 
coefficient of approximately 0.35 (a = 8°). This produced a large 
increase in the rate of drag rise and a stable break in the pitching 
moment which, however, was followed by a large unstable break at a lift 
coefficient of about 0.50 (a = 11°). 


3. The separation on the wing equipped with double-slotted flaps 
deflected 55° was delayed to a lift coefficient of about 0.60 (a = 6°). 
Separation occurred on the wing with split flaps deflected 60° at а lift 
coefficient of approximately 0.45 (a = т 


Д. With the leading-edge slats extended the initial stable break 
in the pitching moment was eliminated. The lift coefficient at which 


ea. 
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the final unstable break in the pitching-moment curve occurred increased 
with increasing slat span. 


5. With all the leading-edge slats extended and the double-slotted 
flap deflected 55° the adverse effects of separation as indicated by the 
force data were delayed to a lift coefficient of approximately 0.88 
(а = 129). However, the pressure data indicated that separation had 
occurred on the outboard portion of the slat at a lift coefficient of 
about 0.8. 

6. In all the configurations tested the final large change in the 
pitching-moment curve was in an unstable direction. Also in each case 
the loss of nose pressures indicated that separation initially occurred 
near the wing leading edge and outboard of the mean aerodynamic chord. 


Т. An aileron deflection of 10° gave а rolling-moment coefficient 
of about 0.006 at 09 angle of attack. The effect on the rolling moment 
coefficient of extending the leading-edge slat was so small that no con- 
sistent trend could be measured. 


Ames Aeronautical Laboratory 
National Advisory Committee for Aeronautics, 
Moffett Field, Calif. 
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TABLE І.- COORDINATES OF THE МАСА 64A010 AIRFOIL SECTION 


[Stations and ordinates given in percent of airfoil chord] 


Station Ordinate 





о 






е е е е 
m 
Ml 


VIONION ONMNIOM OMI ONM OM QO чалл гон 





ооооооооооооооооооосхло\л 


eive Qo C0 —4 — ON Алл еве E^ CO CO. O TO F ра 





ы 





L.E. radius: 0.687 
Т.Е, radius: 0.023 
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TABLE II.- ORDINATES FOR 0.25-CHORD FLAP 


[Stations and ordinates are referred to the airfoil chord line 
and are given in percent airfoil chord] 


Stations Upper ordinate Lower ordinate 


L.E, radius: 0.95 (center on flap chord line) 
T.E. radius: 0.023 
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TABLE III.- ORDINATES FOR 0.075-CHORD FORE FLAP 


[Stations and ordinates are referred to the fore-flap 
chord line and are given in percent airfoil chord] 


Upper Lower 
ae ordinate ordinate 


о 
аю о} 
IGS N 


1 
1 

2.08 
2.92 
3.12 
1.58 
5.82 
6.25 
1.08 
7.20 


І.Е. radius: 1.20 (center on 
flap chord line) 
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TABLE IV.- TABULATED PRESSURE COEFFICIENTS" FOR THE BASE WING. 
R = 8.0 x 10 


а с 4.0 


тъгоъъ тъ 1 
о! 
бюз 1 11g: gf: li 





L 
u 
L 
U 
L 
U 
L 
U 
L 
U 
L 
т 
L 
UV 
L 
т 
L 
U 
uU 
U 
L 
U 
L 
U 
L 
U 
L 
U 
L 
u 
L 
U 
U 
L 
т 
L 
с 
І, 
U 
L 





lppessure coefficients tabulated аге defined аз (ру-р)/а 
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TABLE IV.- CONTINUED 


с «6,1 a = 8.1 


STATIONS 


І А B C р Е 


-4.75 -4.25 
-2.85  -5.62 -3.29 -4.16 -4.01 -з.6е 
-1.24 






















7 
І, 
U 
L 
U 
L 
U 
L 
U 
L 
U 
L 
п 
L 
U 
1, 
U 
L 
U 
U 
U 
L 
Ú 
L 
5 
І, 
U 
L 
U 
L 
Ú 
L 
U 
U 
L 
U 
L 
J 
І. 
U 
L 


нанананааранананананааананананана на анс 
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TABLE IV.- CONTINUED 


аж 9,2 


(ES к а 901 d í (1 





U 
L L 
U U 
L L 
U U 
L L 
uU и 
L L 
U u 
L L 
U Ú 
L L 
U U 
L L 
У u 
L L 
U pi 
L L 
u U 
Ч b 
U u 
L L 
1 U 
L L, 
п 5 
І, L 
п u 
L L 
U u 
L L, 
U U 
L І, 
u U 
U Uu 
L L 
т u 
L L, 
Ч т 
1, L 
V uU 
L L 
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а = 11.2 

| STATIONS | 

І А B с D E 
-4.59 -5,16 -1.16 -0,74 -0,71 -0.54 
U -4.70 "2.20 ке; «94 = .88 = „58 - «29 
-1.76 -1.54 чі .TO - = аш - ead wena 
=ë, 28 -2.00 - „94 - 467 mE .59 - „28 
- .94 “1.06 - „54 = „ 24 - . 10 „05 
“2... -mm - 493 - 66 mE 4,88 ж «РВ 
ча == 401 „ СӘ „10 „16 
-1,90 -1.74 um - „66 = 468 = . 28 
a. та ed .16 .15 „18 s 


. оз . 25 -— і е г? .26 е 25 
= шщ -1.70 -1.14 ше 275 - .50 == 450 
«22 TTEN ° 25 „25 — ma -ym 


L L 
U U 
L L 
U U 
L L 
U U 
L L 
U U 
L L 
U U 
L L 
2 U 
L L 
U U 
L L 
U U 
L L 
U U 
U U 
U т 
L L 
5 U 
L L 
U U 
L L 
y U 
L L 
U U 
L L 
U т 
L L 
U U 
T U 
L L 
U U 
L L 
U U 
L L 
U t 
L L 


ше === === = 02 42 = .80 - 
— 202 „Оё „16 - .18 = «01 - 
--- = „14 = „01 „02 = „05 = - 
=== «О1І „Ов - „02 “ОБ = .01 - 
— — = «12 - «01. - «10 «О1. - . 58 - 
--- о «Об = „02 OF = „О = 
— m «09 491 - «10 .04 - „24 .. 
=== - .02 = = 2.02 “О8 = ‚04 - 
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TABLE IV.- CONTINUED 


а и 14,0 с = 18.2 


L 
U 
L 
U 
L 
U 
L 
U 
L 
Li] 
L 
U 
L 
U 
L 
0 
L 
U 
U 
У 
І, 
y 
L 
п 
L 
y 
L 
u 
L 
U 
L 
5 
uU 
b 
U 
L 
т 
L 
U 
L 


впавнавнанпацчнанаеарнанаеваачнарнананананананай 
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TABLE IV.- CONCLUDED 





















3 
d 
ни 
. Š 





-5.18 =] 407 - 

-5,78 “1.50 - „82 зана ні -a 57 w 
-5, 14 -1,04 = .65 - «ЗБ a «04 - 450 
-2,6а -1.5е = „56 - .55 = 422 т .16 
-5 Ф 19 w. аш «82 - „56 - а 55 - е 52 


нанананаснананананан асан анан снанананана 
занавамаананананананаасвананананананчнемнана 





--- v. — еа US = 58 - а 42 .. 
Ци сет ече 2.2804 21688. c 288 2 
= „12 495 406 - 458 - „94 - 
таван = „22 - «59 - „80 zi .78 (mea - - 
--- 409 = ,02 = „12 = .16 = .08 - - 
et еше - «18 - «44 - «44 - 478 - «45 - - 
w 408 - .06 = «12 = «20 = “10 - - 
--- = „14 = „44 = „44 = „64 ~ „44 - - 
--- «02 === = l2 = .31 = «ЗБ - - 
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TABLE V.- TABULATED PRESSURE COEFFICIENTS? FOR THE WING WITH 
DOUBLE~SLOTTED FLAPS DEFLECTED 55°. R = 8.0 x 109 


яш а = “8.0 WING а = 0,1 










сн сиясе анага 
наназнананававанана 
нананананамаканаеа 





lppessupre coefficients tabulated are defined ая (ръ-р?/ч 
| КИН | 


«Фара... 
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TABLE V.- CONTINUED 


а = 4.2 





насанканаанананананацаааанснамананананана нај 


FORE FLAP” 






Orifice 
Location 
Percent 

Chord 










tiqti qui qta qti c ta C 





напананагнагананана 












Orifice 
Location 
Percent 















о 

1.0 U U 
L L 
т U 
E L 
U U 
L L 
U " 

L L 

T ш 

L L 
U и 
L L 
U 

L 

U 

L 

U 

L 
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TABLE V.- CONTINUED 


FING а © 6,2 WING а = 7,2 


Orifice 
Location STATIONS STATIONS 


Percent 
Chord 













Orifice 
Location 
Percent 





0 
0.25 U 





папананаананананацнанаас асына сј р січ сј сч сј суч сј кч 


MAIN FLAP 









насанананана 
саганананавня 






t! cip dp deadpatieestpcrmdr 





панананвнакацанана н 
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WING a = 8,0 


Orifice 
Looation 
Percent 


Chord 


FORE FLAP 














Orifice 

Location STATIONS 
Percent 
Chora | a в | 









нанананананс 












мавававананавнавана 
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TABLE V.- CONTINUED 


WING 


Orifice 

Location 

Percent 
Chord 





о 
po 
с 


напапапнааманананенанаааананананананананан 


панананананс 
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Orifice 
Location 
Percent 

Chord 





нананананана 


ванананавананаеанач 
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TABLE V.- CONTINUED 











еананананана 


нанапаманананаянана 
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TABLE V.- CONTINUED 


WING с т 12.5 WING с = 16.3 
В с D Е 
-1.20 -0,72 -0,55 -0.40 
-1.04 = «86 = .00 = 58 
=1., 54 - | 85 - «56 -—— ра 
-1.08 - 466 = 450 - 455 
е „84 = .87 = «98 - .21 
"1.06 = „66 - „91 - .37 
- „44 - 422 ы „12 = «04 
— кен - „66 - «51 = «57 
= «18 - „lO а02 s 
—— - «58 = „81 = .57 


1 
= 
в 
= 
° 

I 
- 
o 

Ш 
з 
a 
m 

1 


mum --- „26 „22 
-1 е 18 т . 76 т а 54 - е 40 
451 «а? --- --- 
-Lle 18 x .45 = 56 - „59 
“1.22 --- = „56 --- 
€—— е. а 81 = 6 57 ome 
= . 26 .22 .16 
-1.45 - .85 - .64-. 
е е ге . 18 ат маша 
-І „БО - .88 - «62 = „44 
. “18 „1б «08 





--- -1,04 = TO =., 
=== -.69 - „70 --- 
ii Mr! 408 о = ОТ 











U 
L 
U 
L 
U 
L 
U 
L 
U 
L 
U 
І, 


нанананачапана 





чанананвананананана 
впаненанамакнакайче 
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U 
L 
U 
L 
U 
L 
U 
L 
U 
L 
U 
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а = 22.2 





нанананапнанананай 


TABLE У.- CONCLUDED 


-O, 48 
46 


FORE FLAP 


Location 
Percent 


Chord 


манапан апана 


Ф 


а = 27.8 


вананананананачнана 
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TABLE VI.- TABULATED PRESSURE COEFFICIENTS! FOR THE WING 
WITH ALL THE LEADING-EDGE SLATS DEFLECTED. 
в - 8,0 x 108 


-0.14 -0,42 
I 1 


a 
ре 
а 


вгананававанананаднанай 





tadi Giai ita dq ta cita js сана 


11111 
Pett 
o 

pred I t f 1 


татка 


U U 
5 Uv 
L L 
н U 
L, L 
U U 
L L 
U U 
U Uu 
1 т 
U т 
І, І, 
U U 
L L 
U U 
L L 
U U 
L І, 
U 0 
L L 
U 0 
L L 
u U 
U U 
L L 
U U 
І, L 
п U 
L L 
U 9 
L L 





Іруевацге coefficients tabulated are defined as (ру-р)/4 


спала”, 
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TABLE VI.- CONFINUED 
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TABLE VIL.- TABULATED PRESSURE COEFFICIENTS! FOR THE WING WITH 
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Figure 2.—Defaí/ls of the leading-edge slats. 
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Figure 5.— The semispan model of the 60° swept—back wing installed in the Ames 
wind tunnel. 
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Figure 7.—Variation of rolling-moment coefficient with angle of attack 
and aileron deflection for the 60% swept-back wing. R=8 ОХІОЁ 












2 3 4 
“аа coefficient, 
-4 


БЕЕН. 


quiin GREG е” МАСА БМ A52A1ha 
Су 
Pt tt tt S а-ы E Š 
ГТ СОО еЗ u 
NENEP RTT UE У 
үг түү vs = 
a TE таниас: 5 
SBF: ARS. E 
J I T l l j l l] l 1 ] С S і < Q 
g B Š 
уу у у ре A 
таео ў 
С 

ШЕШЕ < > Š 

Hitt ies ЕЗ 

LL ІЗ = 

RERA Šg 

° Q 4 

АА Š S Š 

| LLLA М к © 

RA ee о ә - 5 

EE | © S. 

BEN NN Qv 52 

" 5 83 
çO = = 

Ў f} 

с а % S Š Š 
5 
© 5 
2 
t 
су 
5 

е 


19° тық. HIT 


аба аа ына» 


НАСА БМ АБ2А а. qus расы 








ы у аы ку к 
| LL eee 
LL LL LM 13 pet ttt 





11 лишин и: Уч "EN 
LL LI ИЕ ШШ ШЕШШ wel. 


: 





à 


аи coefficient, On 








г 
FEE RSC EEE 
СА EEE 
CO ms ик 


ы coefficient, б, 


6 20 24 28 


-4 0 4 8 Pf? 


-8 


Angle of attack, a, deg 


R= 80 x Ю?. 


Figure 9.- Longitudinal characteristics of Ше 60° swept-back wing equipped with double- 
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Figure И.- Longitudinal characteristics of the 60° swept-back wing with all slats extended 


а? various Reynolds numbers. 
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Figure 12.- Longitudinal characteristics of the 60% swept-back wing with various span- 
wise extents of leading-edge slats. R=80x 10°. 
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Figure 13.-- Variation of rolling-moment coefficient with angle of attack 
for the 60° swept-back wing with aileron deflections of +10° and 
with various spanwise extents of leading-edge slats. P-8.0X/O* 
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Figure I4.— Variation of rolling-moment coefficient with angle of 
attack and aileron deflection for the 60° swept-back wing with 
all the leading edge slats extended. R=8.0X10° 
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Figure 15.- Longitudinal characteristics of Ме 60° swept-back wing with all the leading - edge 
slats extended and with Ме double-slotted flaps deflected 55° af various Reynolds numbers. 
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Figure 16.- Longitudinal characteristics of the 60° swept-back wing with the double -slotted 
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Figure I7.~ Longitudinal characteristics of the 60° swept-back wing with all the leading-edge 


extended and with double-slotted flaps deflected 55° and for various aileron deflections. R= 80x10. 
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Figure (9.- Longitudinal characteristics of ће 60° swept-back wing for various deflections 
of a split flap. 
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